Laser-induced fluorescence is a technique for optical tissue characterisation. It has a real-time capability and as the excitation light and the fluorescence emission are transmitted through optical fibres the technique is compatible to various kinds of endoscopes for hollow organ investigation. The tissue fluorescence itself with the emission from the endogenous chromophores or enhanced with exogenously administered tumour seeking agents are employed. Contrast functions are beeing developed for optimal tumour demarcation. Photodynamic therapy is a selective therapy for certain types of malignancies. In particular the topical application of a sensitising agent has been employed for human skin malignancies. Clinical examples are both from the detection and the treatment side.
1.INTRODUCTION
The most important prognostic factor for cancer patients is early tumour discovery. If malignant tumours are detected during the early non-invasive stage, most tumours show a high cure rate of more than 90 %. If detected in a late stage, the success rate is often very low. There are a variety of diagnostic procedures to be used when a patient has a suspicious tumour. The most common is conventional x-ray imaging. This is frequently used for investigation of e.g., the lungs or the bone structures. This is performed without any administration of contrast enhancing agents. With the newer digital plates, the investigation can be done with approximately ten times lower x-ray deposits to the patients as compared to earlier days [1] . For x-ray based investigations of e.g., the large intestine, the patients have to be investigated after barium containing contrast administration in conjunction with air deposition to enhance the possibility to see tumour structures inside the lumen ofthis hollow organ.
More advanced results are given in computerised investigations, such as computer tomography (CT) scanning and magnetic resonance imaging (MRI). The availability of these diagnostic modalities in particular MRI is lower, as compared to x-ray imaging. In these types of techniques the results are presented in sections of the body. CT scanning is useful for identifying tumours in various organs and is also used for planning of treatment targets in radiation therapy. MRI is of particular interest for detecting tumour growth in the spinal cord and the brain. Ultrasound is a useful method for differentiating in between cysts and solid tumours. In particular in conjunction with dynamic Doppler monitoring the detection capability is enhanced. Ultrasound can also be used for local lymphnode tumour involvement e.g., in the neck area. For certain type of tumours, scintigraphic techniques are of great value. Recently, PET scanning has been introduced as a complementary modality, in particular for patients with head and neck cancer. A limiting factor for most of the modalities described is the tumour size and, by definition, lymph nodes with a diameter smaller than 1 cm are defined as benign although knowing that the lymph node involvement in e.g., prostatic cancer usually is only microscopically detectable.
For many organs, visual inspection is performed, either with a magnification unit, such as in the female genital tract with a colposcope or for the hollow organs, with various endoscopes with high quality optics. The epithelium, which is outlining these organs, is the starting site for all malignant tumours, which are referred to as carcinomas.
There is a clinical dilemma in differentiating early cancer or precancerous lesions from other type of conditions, such as inflammation, infection or chronic irritation of other genesis. The visual characteristics as registered in the reflected light may be the same whether it is a precancer, an early non-invasive malignancy (carcinoma in situ) or only some benign proliferation. In patients who have some type of chronic irritation of the epithelium, such as in tobacco smokers, the bronchial wall or the urinary bladder interior may have red thickened epithelium. The biological background for this can be various grades of dysplasia and carcinoma in situ or only benign inflammation. Therefore, there is a clinical challenge to develop a technique, which could be useful for more precise characterisation of tissue. What the naked eye cannot see are the biomolecular changes that appear very early in the cancer transformation process. These biochemical alterations appear before structural tissue changes are seen at a later stage.
LASER-INDUCED FLUORESCENCE FOR TUMOUR DETECTION
Biomolecular changes happen very early in the process, when tissue is transformed from normal to dysplastic and further on to cancerous lesions. If detectable, these events of biological changes could be useful for early cancer detection and tumours could be visible before the naked eye can see them during various endoscopical procedures.
Even if there is a variety of conventional diagnostic modalities there seems to be a clear need for a complementary method in tumour detection in order to:
1 . Identify early malignancies, carcinoma in situ and dysplasia, and to separate these lesions from benign conditions 2. Guide the biopsy sampling 3. Minimize invasive sampling (sensitive organs) 4. Avoid randomized blind biopsy sampling One such method for tissue characterisation is laser-induced fluorescence (LIF). The technique is based on UV or near-UV illumination of biological tissue for excitation of fluorescence. The fluorescence from the endogenous chromophores in the tissue alone, the autofluorescence, or enhanced by exogenously administered tumour seeking substances can be utilised. The autofluorescence signal is a composite signature from various tissue chromophores, such as collagen, elastine, flavins and the coenzymes NADH/HAD [2] [3] [4] [5] . Blood and melanin are tissue absorbers and they also influence the fluorescence signal. The autofluorescence signal has its maximum emission in the blue/green part of the wavelength region when excited in the UV or near-UV region. It has been shown, that tissue under transformation from normal to precancer/cancer tissue shows low over-all fluorescence intensity. It has also been shown, that the fluorescence emission in precancer and cancer has a red shifted signal of approximately 60 nm [6] .
For enhanced demarcation of precancer or cancer various tumour-seeking agents have been used [7] [8] [9] . Most of these agents are porphyrin containing substances. Also a precursor to heme (the red pigment in the blood) has been proven to be valuable both for contrast enhancement for tumour detection as well as an agent for inducing photodynamic action as a treatment modality [10] [11] [12] . This substance, ö-amino levulinic acid (ALA), is the first step in the enzymatically regulated heme cycle. One intermediate step in the cycle is the highly fluorescent and photodynamically very active Protoporphyrin IX (PpIX), actually the last step before heme is produced. The enzymatic content in normal and cancerous or precancerous tissue is different and the first two steps run faster in diseased tissue types as compared to normal tissue. On the other hand the enzyme ferrochelatase, which builds in iron in the middle ofthe PpIX molecule is less affluent in diseased tissue. The consequence ofthis is that there is an accumulation ofPpIX in malignant and premalignant tissue.
LIF has been referred to as optical biopsy providing for a spectroscopic rather than a histopathological description of the tissue under investigation. LIF is a non-invasive technique for real-time investigations, as it reveals the spectroscopic tissue characterisation during the investigation rather than delayed after tissue cutting, staining and histopathological evaluation. The technique can be referred to as a "virtual biopsy method" as the tissue is sampled only if the signature fulfils the "cancer criterion", which is built up from the evaluation of contrast functions for various tissue types. The laser light can be transmitted through optical fibres placed in the biopsy channels of various endoscopes and thus the method is compatible with these procedures. There are two modes for LIF. In the point-monitoring investigation the tissue is investigated point by point and the spectral shape is directly recorded and shown. Small reliable clinically adopted useful fluorosensors have been developed and integrated [13, 14] . This mode is of importance for the scientific understanding of the spectral results. For investigation of larger areas, imaging is the preferred mode and also the ultimate goal for the development into a clinically useful tool [15, 16] .
Clinical applications of laser-induced fluorescence for tumour detection
Patients may show suspicious signs ofhaving a malignancy, such as atypical cells in the urine or in the sputum, but the endoscopic investigation does not reveal any specific area for directed biopsy sampling as the whole epithelium might be red and thickened or otherwise affected. In such clinical situations the biopsy sampling may be performed "blindly" according to an "organ map". The same can be the case in connection with coloscopy ofthe large intestine with numerous poiyps out of which the majority are hyperplastic benign polyps. However, some of them, approximately 10% are neoplastic and should be taken away before they develop into life threatening adenocarcinomas [17] .
A particularly interesting clinical challenge in many specialities is to be able to differentiate in between early noninvasive cancer or even precancerous lesions and benign conditions, such as inflammation. The early clinical signs of a precancer and a carcinoma in situ may look very similar to that of an irritated epithelium. The signs the naked eye see is that the epithelium is thickened, reddened and also maybe with a changed texture. In such situations LIF can qualify as a valuable tool to enhance the possibility to differentiate benign from the malignant or premalignant tissue types. The concept has been proven. What has to be done now is the next step with larger clinical trials for statistical validation and a thorough correlation with histopathology, which is the gold standard for tissue classification [18].
Cervical cancer detection
One interesting clinical area is the outer female gynaecological tract in which the two types of epithelium, the columnar and the squamous epithelium, are regularly intermingling with each other following the menstrual cycle in fertile women. This area is called the transformation zone and it is characterised by very high biological activity. When the columnar epithelium is moving outwards and slowly is transformed into squamous epithelium a zone of immature epithelium is formed. This is called metaplasia, which is a fully benign condition but with a very high cell activity. If the squamous epithelium grows over the columnar epithelium, glandular openings are concealed under the squamous layer and a kind of cyst formations, Nabothian cysts, is developed. Another clinical sign of the metaplasia are the dilated capillaries. The transformation zone is the location for more than 90% of the neoplasias, which are developed on the cervix ofuterus [17] .
In most Western countries there is a screening programme for cervical cancer detection and as a matter of fact due to that, the incidence of advanced cervical cancers has gone down. The first step in the screening is to perform a vaginal smear (VS), referred to as the Papanicolaou (PAP) smear. This is a cytological examination of exfoliated cells, which are scraped off from the surface of the portio and the outer part of the cervical channel. The cells collected in the procedure are stained and evaluated under a microscope. The cells in the transformation zone are very active and due to this fact they may be misinterpreted in the VS cytology as atypical cells with some degree of dysplasia although being benign. On the other hand, cells collected from a cervical cancer site may not be of any biological vitality and falsely be classified as non-malignant. The screening programme usually also contains a test for Human Papilloma Virus (HPV). Certain classes of HPV are known to increase the risk of cancer development of the cervix and therefore it is of importance to find and classify them. Another etiological factor is tobacco smoking. If a patient has a high-risk HPV infection and in addition to that smokes there is a considerably increased probability that a cervical malignancy will appear.
If a lesion is found on the cervix or high-risk HPV is detected the diagnostics procedure continues with a colposcopic investigation with a magnification of the cervical area. Normally acetic acid is soaked over the portio. The acid dissolves the mucus, dehydrates the proteins and causes an intracellular dehydration and the epithelium turns into a whitened tissue. Immature squamous epithelium and the columnar epithelium are turned into whitened tissue. As metaplasia is an immature epithelium, it turns whitened as well as benign cervicitis and cervical intraepithelial neoplasia of various grades (CIN I-Ill). What the gynaecologists look for in the whitened epithelium are various patterns, like mosaic structures, punctuation or atypical vessel formations. Even these characteristics can fail to differentiate benign from precancerous lesions. There is an obvious clinical challenge to develop a tecimique that could more precisely characterise the different types of condition that are apparent on the portio.
In a clinical trial performed, fluorescence point-monitoring data were collected from 45women [19] . The statistical evaluation of the material showed that cervicities could be separated from precancerous cervical intraepithelial lesions of various grades with a sensitivity of 67% and a specificity of 91 % by means of autofluorescence detection. The statistics showed a sensitivity of 77%. with adding ALA as a contrast agent. A new clinical trial was performed in which also an imaging system for hyperspectral demarcation was employed beside point monitoring systems. The data are under evaluation. Initial results are being presented [1 6, 8].
Urinary bladder cancer detection
There is a close relationship in between the female genital tract and the urinary bladder. Also here the same etiological factors have to be considered with smoking. Patients with suspicious malignancy in the urinary bladder go through a cytological test of the urine. There might be athypical cells identified in the urine. The next step is a cystoscopy in order to visualise the tumour site. However, it might not be so clear where the lesion is located due to the fact, that the whole bladder shows an irritated mucosa or the lesion is very small and flat. In such cases the urologist may take random biopsies according to a map for the urinary bladder based on the knowledge where the lesions usually appear.
The most common type of urinary malignant tumour is the papillary exophytic growing lesions. These are easy to recognise. However, even in these cases, there might also be flat lesions growing only as a plaque-like thickening of the mucosa without the well-defined papillary structure. These tumours often tend to be more aggressive and anaplastic as compared to the papillary malignancies and grow right through the epithelium and the urinary bladder wall. As in many other specialities it is ofcourse ofhighest importance to recognise these flat tumours usually with more severe biological natural history. LIF has been shown to play an important role for enhanced tumour identification and clinical trials have been performed with interesting results [6, 20] .
Patients with known papillary type of malignant bladder tumours are usually treated with either an electrical loop excision or a thermal laser cutting. As there is a tendency of recurrences in these patients they are regularly investigated with a cystoscope. An obvious reason for the tumour recurrence is the fact that residual tumour cells are left after the tumour is cut off. One possibility to enhance the surgical radicality might be to employ LIF. If there is a remaining "tumour signal' by means of fluorescence an additional cutting should be performed down to healthy tissue [6] .
Lung cancer detection
Lung cancer has unfortunately shown an increasing incidence over the years and in particular in women [17] . In spite of efforts to try to cut down smoking as that is the paramount factor for causing lung cancer, the habit seems to increase at least among young people in many countries. Chronic bronchitis, usually generated by the influence of cigarette smoke, causes atypical metaplasia and dysplasia of the respiratory epithelium. This in turn provides a possible soil for cancerous transformation. More than 90% ofthe carcinomas are arising from the epithelium in the bronchus. Sputum cytology tests are used to try to diagnose the cancer as early as possible. However, there is a high probability that the site of the malignancy is not revealed during the following bronchoscopy procedure. The tumour remains "occult", which means, that it is there but cannot be visualised. Real time LIF investigation is a tool for identification ofthese areas and may also help to guide the biopsy procedure to the site of interest for revealing the early tumour site [2 1-23].
Cancer detection in the gastro-intestinal tract
Colon cancer is one of the most common malignancies in man [17] . Due to that fact medical care in many countries provides for endoscopic investigations on a regular basis for people above a certain age. Many colon cancers seem to start from polyps of certain kind. It is very common in a population of older adults that polyps appear in a frequency of 5-25% or even at as high level as up to 50% in autopsy studies. The epithelial polyps are classified into two groups; neoplastic or non-neoplastic. The last group is also called hyperplastic polyps and they arise from the cells deep into the crypts of the colonic mucosal glands. These polys have a certain degree of mitotic activity and a loss of growth control and they migrate upwards from the mucosal bottom and form a hyperplastic benign polyp.
The neoplastic polyps are divided into two main groups; the adenomatous polyps and the villous adenomas. The adenomatous polyps are mostly appearing as pedunculated lesions with a well-defined stalk but occasionally they appear as sessile hemi-or spherical lesions sitting directly on the colonic mucosa. These flat sessile lesions are the ones most commonly overlooked in a colonoscopy. Villous adenomas are most often ofthe sessile type.
As the noplastic polys represent a major risk of developing into adenocarcinomas of colon, they represent a diagnostic challenge. There is a clinical problem in differentiating the neoplastic from the hyperplastic benign polys from their visually seen appearance. Approximately 90 % ofthe polyps are hyperplastic and 10 % are polyps at risk for the patients. The benign polys are not needed to be removed while the neoplastic should as it is a well known fact that carcinoma in situ is found in approximately 10% ofvillous adenomas. There are obviously two diagnostic problems in the clinic. The first one is that the visual appearance ofthe two major types ofpolyps does not differ so much. The second problem concerns the flat sessile polyps, which may not even be identified at all. In order to enhance the possibility to separate the two types of polyps and to visualise the flat ones LIF is a helpful tool for enhanced tissue characterisation and visualisation during the endoscopic procedure, which has been shown in several studies [24] [25] [26] [27] [28] .
Skin cancer detection
Most patients with skin lesions are not seen by a dermatologist. More often the first contact is rather a general practitioner. This may result in an unnecessarily large number of excisions and biopsies as there is always a clinical dilemma, whether the lesion is benign or malignant. This is true both for pigmented and non-pigmented skin lesions. The clinical need for reliable skin lesion characterisation seems to increase with increasing incidence of skin cancer world-wide, particularly in lighter skin types.
Another important issue is the surgical radicality in skin tumour excision. If the whole tumour area is not excised, residual tumour nests will regrow and cause the patient and the physician problems later. Many recurrences most probably are due to the fact, that the margins were too small at the initial treatment procedure. In aggressive morphea growing basal cell carcinomas a very time-consuming treatment procedure is sometimes used with an interaction between pathology and surgery. LIF can be used for the purpose of delineating the tumour borders and interactively be applied in the treatment procedure. It can also be used for differentiation in between malignant and benign skin lesions [29].
3. PHOTODYNAMIC TREATMENT OF MALIGNANT TUMOURS Photodynamic therapy (PDT) is a selective tumour treatment modality for local eradication of tumours, where tumour-seeking substances, such as pophyrins, clorines and phtalocyanines are employed in combination with red/near-JR laser light to bring about a selective release of toxic singlet oxygen and free radicals in the malignant tumour cells. The use of the heme precursor 6-amino levulinic acid for tumour selective induction of the photodynamically very active substance protoporphyrin IX opens up wide applications for the treatment of various malignancies, such as tumours in the skin, on the vocal cords or in the bronchus [10-12,30,3 1] . Interstitial PDT with fibres inserted into the tumour mass widens up the indications to deeper tumours. An interactive treatment system for feedback dosimetry calculations during the treatment course was developed and the system has been clinically used [32] .
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